INTRODUCTION
The contact lens industry and stable market growth with numerous rearrangements in different product segments is constantly occuring, mainly stirred by innovative material and optical design. It was possible not only through broadening of material and product portfolio, but also through innovative diagnostic and therapeutic solutions as well [1, 2] . The mostly used material for making soft contact lenses is poly (2 -hydroxyethyl methacrylate), pHEMA, which is the main component in soft contact lenses [3] [4] [5] . Numerous studies [6] [7] [8] [9] [10] [11] have the goal to develop and improve characteristics of material for soft contact lenses. This refers to achieving the best possible vision correction, greater wearing comfort, providing sufficient amounts of oxygen for the cornea and fewer medical complications while wearing soft contact lenses.
In this paper, Optomagnetic Spectroscopy was used to investigate the characteristics of the basic material and nanophotonic materials, which were obtained by incorporating nanoparticles of fullerene and its derivates in the basic material for soft contact lenses. Nanophotonic material is obtained by adding it to an optical material in the percentage that significantly improves the optical properties of the basic material. Nanophotonics materials with incorporated C 60 provide different optical properties because icosahedral group has more symmetry elements that determine energy (T1u, T2u, ...) of nanophotonic materials.
Fullerene has multiple roles in the material for nanophotonic soft contact lenses. It is considered that fullerene is responsible for better electromagnetic properties of transmitted light [12] that are convenient to the eye and optic nerve. It is believed that the transmission characteristics of contact lenses, that are containing fullerene, can change the EEG signal in patients who wear them. The potential use of these contact lenses would be manifold: everyday wear, better protection of the retina from ultraviolet radiation, reduced intensity of the light at wavelengths at which the eye has increased sensitivity, a possible treatment of depression [6] [7] [8] 11 ].
METHOD

Physical meaning of optomagnetic spectroscopy
Visible light is electromagnetic radiation (EMR) that is visible to the human eye and responsible for the vision. It has a wavelength in the range from 380nm to 780nm and a frequency in the range from 3.8 ×10
14
Hz to 7.9×10 14 Hz. In order to understand the physical meaning of optomagnetic spectroscopy (OMS), it is necessary to be familiar with the basic principles of geometrical optics (refraction and reflections) and basic notions of wave optics, such as polarization.
The way to obtain linearly polarized light (E=Es) is reflection under the Brewster angle. In fact, when non polarized light reaches the surface of the dielectric it could be possible to observe its behavior through two components: the "s" and "p" component (which are perpendicular or parallel to the plane of polarization). The intensity of the reflected light depends on the angle of incidence. At a certain value of the angle of incidence, when the reflected light becomes polarized and contains only the s-component, the intensity of pcomponent becomes equal to zero. From microscopic point of view, the reflected wave is generated by the oscillations of the electric dipoles of the sample that reflects the wave. This oscillations are transverse to the direction of wave propagation.
When the polarized wave in the incidence plane reaches the surface, then dipoles should be oscillating in the same plane and because of that the reflected light could not spread in incidence plane but perpendicular to it. Furthermore, in order to be reflected, the wave must be polarized perpendicular to the incidence plane, which means that only the component that is not in incidence plane can be reflected while all other components are weakened [13] [14] [15] .
The diffused white light that reaches the plane under the Brewster angle forms the reflected wave which retains the primary polarization in the plane perpendicular to the incidence plane (s-polarized). This type of polarization can occur only under one single incident that meets the equation of the Brewster conditions. In order to calculate the Brewster angle, it is necessary to use the fact that the sum of the reflected and refracted wave must be 90 degree:
The incident angle θ 1 =θ b can be calculated using the Snell's law [16] . The difference of response to white (uniform electric and magnetic component) and reflected polarized light (muted electric component) leads to prominent magnetic oscillations. This magnetic oscillations have origins from modifications of the incident radiation by optical characteristics of the sample. Optomagnetic spectroscopy is based on the magnetic and optical properties of substance are nearest to conformational states in tissues and caused by the attenuation of incident light by the material [13] [14] [15] .
Technics of optomagnetic spectroscopy
OMS is based on the difference between diffusely reflected white light and reflected polarized white light. The pattern is photographed by using a digital camera. It uses the diffuse white light and the reflected polarized light, and then begin to process treating of the obtained digital images. Digital photography offers several very important advantages, such as speed of operation, easy achiving data and low labor costs. In addition, it allows the analysis of images through its decomposition into component of colors that form a visual perception: red, green and blue component. The device itself used for the implementation of the method consists of a standard digital camera with adequate system for enlargement and light source adapted for Brewster's spectroscopy [12] [13] .
By applying digital processing of the image, it is possible to transform the image into histogram of saturation that shows the intensity of pixels on a scale from 1 to 256 so that 1 corresponds to the shade of minimum intensity while 256 corresponds to the shade of maximum intensity. Using histograms, the image is displayed as spectrum at which the distribution of all intensities is shown on a scale from 1 to 256. Each of the components originates from the corresponding range of wavelengths of the visible spectrum. It is possible because each of the components (recorded by CCD sensor which is the part of the camera spectrum) is based on 256 levels. It organizes the spectrum record of the most of the visible light at 256 × 3 = 768 levels. In this way, the digital recording contains implicit information about the wavelength and intensity of the diffused and reflected polarized white light [13] [14] . In this study, digital images in RGB (R-red, Ggreen, B-blue) system were used, therefore basic pixel data in red and blue channels for white diffused light (W) and reflected polarized white light (P) were chosen. Algorithm for data analysis is based on chromaticity diagram called "Maxwell's triangle" and spectral convolution operation according to ratio of (R-B)& (W-P) [13] . The abbreviations mean that Red minus Blue wavelength of White light and reflected polarized light are used in spectral convolution algorithm to calculate data for opto-magnetic spectroscopy of matter [15] .
The recording procedure consists of: illuminating the sample with diffused white light, acquisition of the first digital image, illuminating of the sample with polarized white light and another digital image acquisition.
After recording, (10 repetition of photographing that takes 5 -10s per sample, with digital recording) the procedure is followed by spectral image processing that takes place in three stages:
1. In the first phase of the photographing, the region of interest is croped. Then extracted region decomposes into its component channels (red (R-red), 90 ▪ VOL. 42, No 1, 2014 FME Transactions green (G-green) and blue (B-blue)) that is obtained from three monochromatic images representing the intensity distribution of sub-visible spectrum, that is displayed as a histogram in which the levels of intensity coded scale wavelengths.
2. The second phase is implementation of the convolution spectra is in the blue and red channels after which it is formed the difference between the response obtained by white light and polarized light.
3. The third phase is performed by spectral analysis of the samples that are classified according to intensity and wavelength [13, 14] .
EXPERIMENTAL
All studies were performed in NanoLab at the Faculty of Mechanical Engineering of the University of Belgrade. In this research the new types of contact lenses with two different types of incorporated nanoparticles (fullerene and fullerol) were used.
These nanomaterials were added during the polymerization process in the basic material, poly hydroxyethyl methacrylate. Polymerization was homogeneous in all samples, and the new so-called nanophotonic materials for soft contact lenses were obtained. Polymerization which is carried out without nanomaterials manufactured basic material and it is used as a reference sample.
The equipment used in this experiment is apparatus NL-B53, with a Canon digital camera, model, IXUS 105, 12.1MP (NanoLab, MFUB). The lighting and power solutions were achieved through the diffusion of white light diode (LED 1) and lighting circuit under Brewster angle (3 LEDs mounted at the angle of 53 ̊ in the vertical and cross-ambient angular spacing in the horizontal plane of 120 ). The working surface has the circular shape with a diameter of about 25 mm. Soft contact lenses were stored in a desiccator since they are hygroscopic. Calcium chloride was placed in apparatus during the experiment to absorb the moisture from the environment.
Three different types of materials for soft contact lenses were photographed, so that 120 images are obtained by using this method, 60 with the concave side of the contact lens (10 photos photographed with white light and 10 photos photographed with polarized light for each sample) and analogously 60 images for the convex side of the contact lens. Obtained images were processed in Photoshop because they have a lot of shadows, which would produce too much noise in obtaining the spectrum. Selected part of the each photo was processed, and that part was supposed to have no shadow. Images were croped to the size of 1600 x1200 pixels. New cropped images were treated using the code written in MATLAB (14) . The obtained results are presented in diagrams where the characteristic values of wavelengths and intensities are prominent.
RESULTS AND DISCUSSION
Optomagnetic Spectroscopy was used to investigate the characteristics of the basic material and nanophotonic materials, which were obtained by incorporating nanoparticles of fullerene and its derivatives in the basic material for soft contact lenses.
Digital images were analyzed in terms of their separate color channels (red, blue and green color components) and subsequently processed by spectral convolution algorithm to give the final result -OMF diagram -which shows the amplitude of paramagnetic (above zero level) and diamagnetic (below zero level), properties in comparison to wavelength difference.
The obtained results are presented in diagrams shown in figure 4 . 3, -29.8) and (111.3, -79,3) .
In the case of the material with incorporated fullerene, C 60 , (figure 4b) the wavelengths and amplitudes for the positive peaks are (104.8, 43.3) and (109.0, 53.7), and for negative peaks are (106.9, -21.9) and (110.7, -50.1). For the material with incorporated fullerol C 60 (OH) 24 (figure 4c) there are positive peaks at (104.8, 53.7) and (108.4, 74.7) and the negative at (107.1, -30.4) and (110.1, -50.1) .
For each of the 10 graphics of lens's convex side, the highest amplitude peak (negative and positive) was chosen. All peak values are averaged. These average values and the values of standard deviation are shown in the table 1. The diagram shown in figure 5 was obtained as a result of photographing the concave side of the contact lens. For the basic material (figure 5a) it is obvious that there are several peaks whose average wavelengths and amplitudes are (101.5, 62.6), (102.6, 39.6), (104.0, -20.9), (105.9, -19.9), (109.0, 24.7), (110.1, 18.5), and (110.9, -37,5), respectively. For each of the 10 graphics of lens's concave side, the highest amplitude peak (negative and positive) was chosen. All peak values are averaged. These average values and the values of standard deviation are shown in the table 2. Wavelengths of the material with incorporated fullerene and the material with incorporated fullerol are completely identical, and shifted by 2 nm compared to the basic material. In this case the peak amplitudes vary up to 20 units. It is also observed that in all cases the peaks occur at wavelengths in the range of about 102 nm to 114 nm, while the amplitudes have slightly larger variations.
It can be concluded, that there are differences in the wavelengths and intensities of the peaks, for the basic material for soft contact lenses as well as for the material for soft contact lenses with incorporated fulleren and fulerol. This could be explained by the influence of both types of nanomaterials and also due to differently surface-treated contact lenses. Convex side is milled while the concave side is casted. Different processing was the reason of doing OMF analyses for both convex and concave side.
Stamenkovic et al [17] characterized RGP contact lenses by OMS. The results showed that conformation states of RGP contact lens surface determine paramagnetic/diamagnetic properties and can be detected by OMF technique. They indicate that OMF method and molecular level approach to investigation of optical properties of contact lens quality is a very promising field for both basic research and technology, with direct influence on application in biomedicine.
In the case of imaging the convex side of the soft contact lenses, the amplitudes of paramagnetic (above zero level) properties are stronger than in the case of imaging the concave side.
This research is a preliminary study, and further investigations should be undertaken in order to 
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determine what is the effect of the fullerene and fullerol on the eye tissue and vision.
Optomagnetic spectroscopy is a qualitative, not a quantitative method that is used for characterization of surface structure of materials. The depth of a region of interest depends on the transparency of the sample, and it has a range of few nanometers to few millimeters.
CONCLUSION
Optomagnetic Spectroscopy was used to investigate the characteristics of the basic material and nanophotonic materials, that were obtained by incorporating nanoparticles of fullerene and its derivatives in the basic material for soft contact lenses. In the case for the material with incorporated fulleren, C 60 , and fullerol, C 60 (OH) 24 , the peaks are at approximately identical wavelengths but intensities are different. Here, the peak amplitudes vary up to 20 units. It is also observed that for all three materials, the peaks occur at wavelengths in the range of about 102 nm to 114 nm, while the intensities have slightly larger variations. This colud be explained by the same influence of both types of nanomaterials and also due to differently surface-treated contact lenses.
In the case of imaging the convex side of the soft contact lenses, the amplitudes of paramagnetic properties are stronger than in the case of imaging the concave side.
It can be concluded that:
1. It is possible to detect the differences in influences of nanophotonic soft contact lenses compare to the basic material with opto-magnetic spectroscopy method. The acquired results are consistent.
2. Optomagnetic spectroscopy method is a qualitative, not quantitative method that is used for characterization of surface structures of materials.
3. According to acquired diagrams there are differences and similarities of influences of different contact lenses.
